Isolation of mutants. Mutants were isolated by a method described previously (Abou-JaoudC et al., 1978) except that nitrite was replaced by 1 mwnitrate.
Assays. Nitrate reductase (benzyl viologen) activity was measured in cell-free extracts according to Pichinoty & Chippaux (1969) . The determination of the rates of nitrate or nitrite reduction by whole cells with formate, D-lactate or ascorbate plus phenazine methosulphate (APM) has also been described previously (Abou-Jaoude et al., 1979) . Activities are expressed as pmol nitrate reduced min-l (mg dry wt)-l.
Growth was estimated turbidimetrically at 450 nm. Genetic techniques. Mating and transduction experiments were performed according to Taylor & Thoman (1964) and Lennox (1955) , respectively.
R ES LJ LTS

Mutant isolation
Anaerobic growth of E. coli in glucose minimal medium is independent of the presence of an exogenous electron acceptor because this organism is able to ferment sugars. However, ana strains are unable to grow anaerobically under these conditions and require the presence of nitrate or nitrite as electron acceptors. This phenotype has been exploited to isolate mutants no longer able to use nitrate as an electron acceptor but which exhibit a normal nitrate reductase activity when measured with benzyl viologen as electron donor. In order to prevent growth of the desired mutants on nitrite produced by wild-type bacteria during penicillin treatment in the presence of nitrate, the strain used, LCB11, was a nir derivative of an ana strain (Abou-Jaoude et al., 1978) . After mutagenesis with N-methyl-"-nitro-N-nitrosoguanidine (NTG) according to Adelberg et al. (1 969, cultures growing exponentially on nitrate under anaerobic conditions were treated with penicillin. Bacteria were then plated on to nutrient agar from which 7000 colonies were re-isolated andgrown in tubes filled with minimal medium supplemented with 0.2% (w/v) glucose and 1 mwnitrate. A 1 cm layer of sterile paraffin was added to ensure anaerobiosis. After incubation overnight, growth was estimated turbidimetrically and compared with that of strain LCBl 1 under the same conditions. Strains exhibiting very poor growth, or no growth at all, were subsequently cultured aerobically in glucose minimal medium and those unable to grow were discarded. The nitrate-reducing capacity of the remaining mutants was tested by measuring the quantity of nitrite which had accumulated after overnight growth in medium A. Only 18 strains did not produce nitrite normally. Among them, 5 strains unable to produce gas from formate were eliminated because they were pleiotropically affected in nitrate reductase and formate dehydrogenase. The remaining 13 mutants which appeared to be specifically affected in nitrate reduction were tested for their nitrate reductase activity with benzyl viologen as electron donor. All but one were devoid of this activity and were considered to be defective in the chZC gene. The remaining strain, LCB155, which possessed high levels of nitrate reductase activity, was submitted to further analysis and the gene affected was tentatively designated chlI.
Characterization of the mutant LCB 155
Enzymic activities. Nitrate reductase activity measured with benzyl viologen was enhanced fourfoId in the mutant, but activities with formate, D-lactate and APM were only 8 7; of that of the wild-type. In both mutant and parental strains, 80 "/o of the activity with benzyl viologen was found in the pellet after high-speed centrifugation of the crude extract for 150 min at 225000g. The higher nitrate reductase activity in the mutant could well be due to the failure to accumulate nitrite which is highly toxic and inactivates many enzymes. A similar increase in nitrate reductase activity was observed when E. coli was grown anaerobically with nitrate in the presence of azide, an inhibitor of nitrate reductase (Chippaux & Pichinoty, 1970) .
Cytochromes. Spectra of bacteria grown anaerobically with nitrate revealed that the cytochrome b concentration in the mutant was less than 50 o//o that of the wild-type. The mutant was also apparently deficient in haem d, but because d-type cytochromes are not involved in electron transfer to nitrate, the absence of this cytochrome is likely to be due to a secondary effect of the lack of nitrite accumulation during growth. Sensitivity to chlorate. Mutants isolated by the chlorate resistance method (Pikchaud et nl., 1967) either completely lack nitrate reductase activity or possess it at a very low level (Glaser & De Moss, 1972) . Mutant LCB155 was also insensitive to chlorate during anaerobic growth, presumably because the nitrate reductase activity with physiological electron donors was insufficient to produce a lethal concentration of chlorite.
r~e~t~~e a t~o n test for chZI strains. In the process of isolation, the differentiation between strain LCBl55 and the chZC mutants was based on the manometric determination of the nitrate reductase activity. For future mutant isolations as well as for genetic analysis, we developed a rapid differentiation test based on the fact that nitrate reductase is partially constitutive during anaerobic growth of E. coli. Each strain to be tested was grown in two test tubes containing 5 ml medium B; after overnight incubation at 37 "C, 0.1 ml 200 benzyl viologen and 0.1 rnl 10 mM-sodium dithionite were added to one tube and 0.1 ml 0.1 M-sodium formate was added to the other. In each tube the reaction was started by the addition of 0.1 ml 1 M-sodium nitrate; after 10 min at room temperature the concentration of nitrite produced was measured. Under these conditions, the parental strain LCBll produced nitrite in both tubes, strain LCBl55 accumulated nitrite only in the tube with benzyl viologen, and chZC strains did not produce nitrite in either tube. These results indicated that chll strains could readily be differentiated from either wild-type or chlC strains. However, the test could not readily differentiate chZC strains from a mutant carrying both the chZC and chlI mutations.
Genetic analjsis
Different Hfr strains were mated with strain LCB156, a xyl derivative of LCB155. Unselected chUf recombinants were found in crosses with HfrB7 and HfrEC1, indicating that the mutation is located between the origins of transfer of these two Hfr strains. Furthermore, the ana character of these recombinants was closely linked with chll. A transduction experiment with strain LCB156 chM ana as donor and LCBS trpC as recipient (Table 2) showed that chM was 43 ol0 cotransducible with trp. Analysis of three-factor crosses located Short communication chl1 outside the trp-ana segment, the most probable gene order in the region being trp-anachlI.
The same gene order and a similar cotransduction frequency with trp has been reported for chZC (Casse et al., 1976) , so it appeared that genes chll and chlC were very close to each other. To determine their relative order with respect to trp, strains carrying chlC or chll together with the same trpC marker were prepared. In experiments in which strain LCB 156 chlI was the donor and strain LCB 158 chlC the recipient (Table 2 ), 0.6 yo of the selected trp+ recombinants had acquired the wild-type character. In the reciprocal cross, in which strain LCB 166 chlC was the donor and strain LCB 157 chM the recipient, only 0.27 7; of the trp+ recombinants exhibit the wild-type phenotype. As already pointed out, chl1 chZC and chlI+chlC classes of recombinants could not be distinguished from one another and so they cannot be taken into account in the three-point analysis. The most significant class is therefore the wild-type chZC+chlI+. The results indicate that both genes are very close to each other, but do not allow us to assign precisely their order relative to trp.
D I S C U S S I O N
The method used for the isolation of the chlI mutant was based on the utilization of an ana mutant which is unable to reoxidize NADH produced anaerobically in the absence of an exogenous electron acceptor (Casse et al., 1976) . When nitrate is provided, electron transfer from NADH to nitrate takes place through the membrane-bound NADH dehydrogenasenitrate reductase pathway and therefore allows the strain to grow. The fact that the chll strain does not grow in these conditions indicates that this pathway is inoperative. However, the defect does not result from the loss of either the NADH dehydrogenase (because aerobic growth is unaffected) or the nitrate reductase enzymes (Young & Wallace, 1976) .
NADH is not the only donor which can no longer supply electrons for nitrate reduction in the chI1 strain; the activities measured with formate or with D-lactate are also strongly diminished. As the formate-nitrite and D-lactate-nitrite reductase activities were unchanged in the mutant, one can suppose that the mutation caused an alteration of a component cornmon to all the electron transfer pathways leading to nitrate without affecting the nitrate reductase terminal enzyme itself. APM which supplies electrons at a relatively high redox potential (Ei = + 80 mV) can be used for nitrate reduction (Sanchez-Crispin, 1977) but not for nitrite reduction (Abou-Jaoudk et al., 1979) in E. coli. The point of entry of the electrons supplied by APM is probably at the level of, or just before, the cytochrome bNR, and the nitrate reductase activity with this electron donor is also strongly reduced in the mutant. When wild-type strains are grown anaerobically in the presence of nitrate, at least two b-type cytochromes are present in almost equal concentrations. One is specific for the formate dehydrogenase and the other is the cytochrome bNR. The loss of 50% of the cytochrome b by the ch/I mutant may be explained in two ways. If the concentration of every b-type cytochrome is reduced equally, one would then expect all activities involving these cytochromes to be affected. Such is not the case for the formate-nitrite reductase activity which requires the cytochrome b, , , (Abou-Jaoudk et a/., 1979) . The alternative possibility is that the mutant has lost only one of the b-type cytochromes: the only candidate is the cytochrome bSR.
The results of the genetic analysis which locates cldl very close to chZC could lead one to suppose that the gene affected in the mutant is cldC itself. In this case, the alteration of the nitrate reductase could possibly prevent the linkage between the enzyme and its physiological donor cytochrome bNR, without affecting the location of the enzyme in the membrane or its activity. Additionally one would have to explain the decrease in the amount of the b-type cytochromes. It is more likely, therefore, that chN differs from ch/C and encodes the cytochrome h,, apoprotein. Similar nutritional factors regulate the synthesis of nitrate reductase and the cytochrome b,, so one can propose that both the ch/C and chllgenes are part of a common transcription unit. Experiments are in progress to determine whether this is correct.
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